Despite the decline in the areas reserved for the cultivation of the finger millet (Eleusine coracana L.) in the coastal oasis, this specie had occupied an important place in the diet of the inhabitants of the south of Tunisia and especially the region of Gabes. To contribute to a better knowledge of this plant in the oasis of Gabes, mineral and fiber characterizations were performed for 30 samples collected from four oases of Gabes. For each sample 11 nutrients: (Na, K, P, Ca, Mg and N), the crude protein, the neutral detergent fiber, the acid detergent fiber, the crude fiber and ash contents, were studied. Results of minerals analysis showed that calcium and magnesium were the most concentrated nutrients in all studied accessions (189.93-1272.36 mg/100g and 84.71-567.45 mg/100g respectively), followed by potassium (11.24-284.7 mg/100g), sodium (13.73-42.47 mg/100g) and phosphorus (2.208-11.033 mg/100g). Acid detergent fiber, neutral detergent fiber, crude fiber and ash average contents of the accessions were respectively higher than 30.58, 12.65, 4.01 and 3.2% of dry matter of the finger millet.
Introduction
Finger millet is an annual, tufted grass and varies in height from as little as 25 cm up to more than 120 cm. It tillers at a population of less than 10 plants per square meter (Johnson, 1968) .
It accounts for 8% of the area and 11% of production of all millets in the world (Bennetzen, Dida, Manyera, & Devos, 2003) . It is grown in over 25 countries in Africa (East and South) and Asia (Middle East and Far East), mainly for grain (International Centre for Agricultural Research in the Semi Arid Tropics [ICRISAT], 1997). For several years, this species was considered one of the most important crops grown in the oasis of Gabes. It had prominently occupied an important place in the oasis. The finger millet remains largely unknown and unstudied in oasis conditions and it is threatened by extinction, despite it's important role in these ecosystems.
Finger millet was used for the preparation of some very popular dishes (polenta and couscous) and as a medicinal herb to combat certain Child health diseases such as Ascaris. Watt and Breyer-Brandwijk (1962) reported that the plant of finger millet is diaphoretic, diuretic, and vermifuge and the leaf juice has been given to women in childbirth. In India, finger millet is used as folk remedy for leprosy, liver disease (Watt & Breyer-Brandwijk, 1962) , measles, pleurisy, pneumonia, and small pox (Duke & Wain, 1981) .
Finger millet (Eleusine coracana) can add substantial value to the diet in terms of protein and carbohydrates which is comparable to other cereals. In addition it contributes vitamins, minerals and fiber as it is consumed whole, in comparison to rice which is usually consumed after milling and polishing (Malleshi & Hadimani, 1993) .
Dietary fibers in foods are beneficial for good health. Physiological impacts of insufficient dietary fiber intake are constipation, increased risk of coronary heart disease, and increased fluctuation of blood glucose and insulin levels (Jenkins, Kendall, & Ransom, 1998 Dietary fiber is largely composed of complex carbohydrates that are somewhat resistant to digestion. Soluble polysaccharides may undergo some metabolism in the small intestine and especially in the large intestine through bacterial enzymes, converting it to products that contribute to maintaining the colonic microflora, which is beneficial to digestion (Cummings, Southgate, Branch, & Wiggins, 1979; Holloway, Tasman-Jones, & Maher, 1983; Weisburger et al., 1993) . Insoluble fiber like cellulose, found in plant cell walls, can aid in waste and toxin removal through several mechanisms (Weisburger et al., 1993) .
Limited information on the nutritional value of the finger millet grown in the oasis of Gabes is available. Hence, information on the composition of the finger millet could be useful for understanding it's health benefits and also for augmenting its utilization as a source of nutraceuticals. The present study was carried out to evaluate the nutritional quality, particularly with respect to minerals and fiber components, of the finger millet grown in the oasis of Gabes.
Materials and Methods

Samples
This study was conducted with 30 accessions of finger millet. The samples of the finger millet were randomly collected, at the same season, from 4 coastal oases of Gabes in the South-east of Tunisia (Table1). Ghannouch GH1, GH2, GH3, GH4, GH5, GH6, GH7, GH8, GH9, GH10, GH11, GH12
Mineral Analysis
For the determination of mineral content (sodium, potassium, and phosphorus), 10 g of each sample is heated at 105±5°C, than 1 g of each dry sample was incinerated during 4 h at 550°C. Ashes were mixed with 4 ml of distilled water and 1 ml of concentrated HCl. The solution was heated until boiling, then filtered and adjusted to 100 ml with distilled water. The sodium and potassium contents were determined with a Sherwood 410 flame photometer regulated on the filter of sodium or potassium. The contents of sodium (% Na + ) or of potassium (% K + ) in the dry matter plant were calculated as: % Na + or % K + = (C * DF)/(100 * m), where C is the concentration of sodium or potassium (mg/l), DF is the factor of dilution and m is the mass of the extract (g). The phosphorus concentration was determined using a Secomam spectrophotometer. Standard solutions of P 0, 2, 4, 8 mg/l were prepared by diluting basic solution of P 100 mg/l and 10 ml of each standard and the diluted extract were placed in 25 ml tubes with 10 ml of the vanadomolybdic reagent (200 ml of 10% ammonium heptamolybdate solution obtained with dissolving 100 g of ammonium heptamolybdate in 10 ml of ammonium hydroxide and adding distilled water until volume of 1 liter; 200 ml of ammonium monovanadate solution obtained with 2.35 g of ammonium monovanadate in 400 ml of hot distilled water, 20 ml of 35% diluted nitric acid and distilled water until 1liter, 135 ml of concentrated nitric acid and distilled water until 1liter). After 10 min, the absorbances were measured at 430 nm. Extracts were diluted if needed. P concentrations were calculated with the formula: %P = (C x DF)/(100 x m), where C : P content (mg/l), DF Dilution factor, m extract mass (g). Nitrogen (N) content was measured by the Kjeldahl method. It consists on an attack of 0.5 g of a sample (in a digestion tube) by the concentrated sulfuric acid in the presence of a catalyst (58.75 g of Na 2 SO 4 and 1 g of CuSO 4 ). The tube containing the sample is placed in the still of type "Vapodest". The concentrated NaOH is pumped to the sample where NH 4 is transformed to NH 3 + . The NH 3 is then driven by the vapor into a vessel containing the Boric acid. The solution becomes green. Finally, the distillate is titrated with a solution of HCl (0.01N) until the green color becomes violet. The CP was calculated as N*6.25.
Fiber Analysis
Dietary fiber in finger millet samples was analyzed using an Ankom 220 Fiber Analyzer (ANKOM Technology, Fairport, NY). The contents of crude fiber (CF), acid-detergent fiber (ADF) and neutral-detergent fiber (NDF) were sequentially determined in the Ankom 220 Fiber Analyzer using Ankom filter bags F57 (Van Soest,Briefly, the samples were hydrolyzed in filter bags (F57 ANKOM Technology) by using H 2 SO 4 and NaOH separately, 45 min (for CF); cetyl trimethyl ammonium bromide (ADF Solution), 60 min (for ADF); sodium lauryl sulphate (NDF Solution), 75 min (for NDF). Then, the filter bags containing the samples were washed in water (three times) and in acetone (once, 3 min). After acetone evaporation, the bags were dried at 105°C (4 h) and then incinerated in a muffle furnace at 550°C (5 h). Percentages of NDF, ADF and CF were calculated taking into account the weights of the bag, the sample and residues after digestion.
Statistical Analysis
For each of the chemical elements, a one-way variance analysis (ANOVA) was performed to compare the variations between the studied accessions using SPSS 16.0 software (SPSS Inc., Chicago, IL, USA). Data were expressed as mean ± standard error. A hierarchical classification analysis, based on mineral, fiber, protein and ash contents variations between the accessions, was carried out using Ward's method. Correlations between different parameters were established using the test of Pearson.
Results
Mineral Content
The mineral analysis revealed significant variations between the accessions studied, in the grain nutrients (p<0.05). As represented in the table 2, the sodium content varied from 13.73 (GH5) to 42.47 mg/100g (CH7). The potassium content varied from 11.24 (GH7) to 284.7 mg/100g (CH7). The Calcium content varied from 189.93 (GH4) to 1272.36 mg/100g (GH9). The magnesium content varied from 84.71 (GH4) to 567.45 mg/100g (GH9). The nitrogen content varied from 0.31 (GH7) to 1.9% (GH9). The phosphorus content varied from 2.208 (GH7) to 11.033 mg/100g (CH1). 
Protein and Ash Content
The protein and the ash contents analysis showed a very highly significant variation between the accessions studied. The Figure 1 reveal that, the protein content varied from 0.78 (GH3) to 11.88% (GH9). The ash content varied from 2.77 (GH3) to 3.86% (B2).
Figure 1. Protein and Ash content of the finger millet of some oasis of Gabes
Fiber Content
The Dietary fiber analysis showed a very highly significant variation in the fiber content between the accessions studied. As showed in Table 3 , the NDF content varied from 22.92 (GH1) to 57.25% of DM (GH11). The ADF content varied from 14.79 (CH9) to 10.67% of DM (GH3). The crude fiber content varied from 0.93 (CH10) to 10.01% (GH11).
Chemical Structure
The hierarchical classification, based on mineral, fiber, protein and ash contents structured the studied accessions in three groups (Figure 2 ). The first group was consisted of 20 accessions characterized by the highest levels of Na + (30.37 mg/100g), K + (155.28 mg/100g), P (5.11 mg/100g), NDF (31.23%), CF (4.19%), and Ash (3.22%). The second group held 2 accessions (GH8 and GH9) characterized by the highest levels of Ca 2+ (1184.77 mg/100g), Mg 2+ (528.39 mg/100g), CP (8.83%) and ADF (12.82%). The third group was composed by 4 accessions (CH11, GH5, GH6 and E2) characterized by the lowest levels of N (0.65%), CP (4.1%), NDF (27.95%), ADF (12.12%) and CF (3.23%).
A positive correlation was found between the sodium content and the potassium (0.72) and the phosphorus (0.42) contents. Meanwhile the correlation between the sodium and the calcium content was negative (-0.42). A positive correlation was also found between the potassium and the phosphorus content (0.55).
The correlations between the NDF and the ADF (0.43) and the crude fiber (0.59) contents were also positive. Values are mean ± standard deviation.
Figure 2. Cluster analysis of studied accessions according mineral, fiber, protein and ash contents
Discussion
The finger millet is a good source of nutrients especially of calcium, other minerals and fiber (Singh & Raghuvanshi, 2012 ). It's cultivation is in regression in the oases of Gabes. In order to encourage people to consume the finger millet, we wanted to assess the nutritional quality of the accessions of some oases of Gabes. The studied chemical characteristics showed considerable variations between accessions for all of the contents. Singh and Raghuvanshi (2012) reported that the mineral composition of millet grains is highly variable. The genetic factors and environmental conditions prevailing in growing region affect the mineral content of these food grains.
The calcium average content of the prospected finger millets is 416.86 mg/100g which is consistent with Vadivoo, Joseph and Garesan (1998) results where the calcium content of 36 genotypes of finger millet ranged from 162 to 487 mg% with mean value of 320.8 mg%. Bhatt, Singh, Shrotria and Baskheti (2003) and Singh and Raghuvanshi (2012) , reported that the finger has the highest calcium content among all cereals (344 mg/100g).
The phosphorous content varied from 2.208 (GH7) to 11.033 mg/100g (CH1) with a mean value of 4.85 mg/100g. These results are different with those found by Singh and Srivastava (2006) who reported that the finger millet phosphorus content's ranged from 130 to 295 mg% with a mean value of 180.43 mg%
The protein is considered the second major component of millet. The protein content of the accessions studied varied from 0.78 (GH3) to 11.88% (GH9) with a mean of 5.43%, which is consistent with the results sited by Singh and Raghuvanshi (2012) who reported that finger millet has nearly 7% protein, but large variations in protein content from 5.6 to 12.70% have been reported (Joshi & Katoch, 1990; Ravindran, 1991; Rao, 1994; Marimurthu & Rajagopalan, 1995; Antony, Sripriya, & Chandra, 1996; Vadivoo et al., 1998; Mushtari Begum, 1998; Gautam, 2000; Sharma, 2001; Bhatt et al., 2003) . Chethan and Malleshi (2007) reported that finger millet contains about 5-8% protein.
Saldivar (2003) also found that the finger millet protein content is 7.3% which is equivalent of that of Rice (7.5%) but lower than that of the Wheat (14.4%).
Total ash content is higher in finger millet than in commonly consumed cereal grains (Singh & Raghuvanshi, 2012) . In finger millet, the ash content has been found to be nearly 1.7 (Rao, 1994) to 4.13% (Rao, Mithyantha, Devi, & Perur, 1973) . This content correlates with the ash content of the studied accessions which varied from 2.77 (GH3) to 3.86% (B2) with an average mean of 3.2%. Results are also in correlation with those of Singh and Srivastava (2006) that showed that the total ash content of the sixteen varieties of finger millet they have studied ranged from 1.47 to 2.58% with a mean value of 2.11%. Results are also consistent with those of Saldivar (2003) who showed that the finger millet ash content is 3%, while that of the rice is 4.9% and that of the wheat is 1.9%. Devi, Vijayabharathi, Sathyabama, Malleshi, and Priyadarisini (2011) reported also that the finger millet ash content is 3%.
The NDF and the ADF contents of the accessions studied, varied from 22.92 (GH1) to 57.25% of DM (GH11) and from 14.79 (CH9) to 10.67% of DM (GH 3), respectively). ADF constituted about half the portion of NDF. Madibela and Modiakgotla (2004) reported that the NDF and the ADF content of the finger millet varied from 68.9 to72.6% DM and from 37.4 to 41.3% DM, respectively.
Those contents are higher than those of barley (ADF 7.5%, NDF 24.1%) reported by Marx (1999) . They are also higher than those reported by Zilic et al. (2011) for the barely and the oat; the NDF was 24.84 and 15.16% DM, respectively and the ADF was 2.30 and 2.04% DM, respectively.
Cellulose forms the major portion of insoluble dietary fibre (Malleshi, Desikachar, & Tharanthan, 1986) . The crude fiber content varied from 0.93 (CH10) to 10.01% (GH11) in the accessions studied with a mean value of 4.01%. Those results are near to those found by Devi et al. (2011), Joshi and Katoch (1990) and Kamath and Belavady (1980) who reported that the crude fiber content in the finger millet was 3.6%, 3.7% and 3.6% respectively. Saldivar (2003) reported 1.3% crude fiber in finger millet which is lowest than that of the rice (10.2%) and wheat (2.9%).
In conclusion, the studied accessions of the finger millet cultivated in the oases of Gabes, present an interesting variability in the different studied contents and most of them are comparable to the contents found in the finger millets cultivated worldwide. Thus, it should be noted that there is an interesting source of genetic diversity which needs to be better studied and preserved from the risk of extension for future breeding program.
